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SHAKE TEST OF A PROPELLER TEST R I G  I N  THE 

40- BY 80-FOOT WIND TUNNEL 

Wayne Johnson* 

Ames Research Center and U.S. Army A i r  Mobili ty R&D Laboratory 
Moffett  F i e l d ,  C a l i f o r n i a  94035 

SUMMARY 

A shake test was conducted t o  determine t h e  dynamic c h a r a c t e r i s t i c s  of a 
P r o p e l l e r  Test  Rig i n  the  Ames 40- by 80-Foot Wind Tunnel. 
hub t r a n s f e r  func t ion  ( acce le ra t ion  p e r  u n i t  f o r c e  as a func t ion  of frequency) 
was measured i n  t h s  l o n g i t u d i n a l ,  l a te ra l ,  and v e r t i c a l  d i r e c t i o n s  f o r  s h a f t  
angles of  0 and 90 
r e spec t ive ly .  The dynamic d a t a  are summarized f o r  t h e  conf igu ra t ions  t e s t e d ,  
g iv ing  t h e  fol lowing p r o p e r t i e s  f o r  each mode i d e n t i f i e d :  t he  n a t u r a l  
frequency, t h e  hub response a t  resonance, t h e  damping c o e f f i c i e n t ,  t he  
damping r a t i o ,  and the  modal mass. 
presented,  and t h e  d e t a i l e d  test r e s u l t s  are included.  

The rotor-off 

corresponding t o  p r o p e l l e r  and h e l i c o p t e r  o p e r a t i o n ,  

The complete t r a n s f e r  func t ions  are 

INTRODUCTION 

A shake test was conducted to  e s t a b l i s h  t h e  dynamic c h a r a c t e r i s t i c s  of 
a P r o p e l l e r  Tes t  Rig (PTR) i n  the Ames 40- by 80-Foot Wind Tunnel. 
i n t e r e s t  were p o t e n t i a l  resonances a t  t h e  l l r e v  and N/rev f r equenc ie s  of 
r o t o r s  l i k e l y  t o  b,a t e s t e d  on the  PTR and p o t e n t i a l  proprotor /support  
i n s t a b i l i t i e s .  

Of 

The shake +est w a s  performed on the PTR module without a r o t o r ,  t o  
determine the  p r i z c i p a l  f r equenc ie s  and damping of t he  s t r u c t u r e .  The -ottrr- 
o f f  t r a n s f e r  func t i cn  was measured i n  the  l o n g i t u d i n a l ,  la teral ,  and v e r t i c a l  
d i r e c t i o n s ,  f o r  s h a f t  angles  of 0 and 90'. 
t h e  d i r e c t i o n  of the app l i ed  fo rce .  The tes t  procedures were descr ibed i n  
d e t a i l  i n  r e fe rences  1 and 2. 

The a c c e l e r a t i o n  was measured i n  

SYSTEM AND TEST APPARATUS 

The system t e s t e d  cons i s t ed  of the  PTR module without  a r o t o r ,  on the 
15-ft s t r u t s  and balance frame i n  the  4G- by 80-ft  wind tunnel .  The module 
included a p r o p e l l e r  nose case,  and two 1500-HP e l e c t r i c  motors i n s t a l l e d .  
A hydrau l i c  shaker  was a t t ached  t o  the top of t he  module, j u s t  behind the  
nose case. The o t h e r  end of t he  shaker  was a t t ached  t o  a 5260 kg r e a c t i o n  

* 
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mass suspended from a crane.  A load ce l l  between t h e  shaker  and the  module 
measured t h e  app l i ed  force.  
measured the  response i n  t h e  d i r e c t i o n  of t he  app l i ed  fo rce .  

An accelerometer  a t  t h e  point  of e x c i t a t i o n  

The PTR module w a s  mounted on t h e  two main s t r u t s  only.  
$'as used he re  r e f e r s  t o  t h e  d r i v e  s h a f t  of t h e  module, not  t h e  s t r u t  system. 
A t  J, = 0, t h e  r o t o r  w a s  i n  axial f l i g h t ;  t h e  s t r J t  system w a s  yawed 90 
r i g h t ,  w i th  t h e  main s t r u t s  on t h e  w e s t  s i d e  and t h e  hub i n  t h e  southwest 
co rne r  of t h e  test s e c t i o n .  
s t r u t  system was a t  ze ro  yaw angle ,  w i th  t h e  s t r u t s  forward and the  r o t o r  i n  
t h e  sou theas t  corner of  t h e  test s e c t i o n .  The d i r e c t i o n  of shaking ( l a t e r a l  
o r  l ong i tud ina l )  h e r e  is defined with r e s p e c t  t o  t h e  PTR module, not t h e  
s t r u t  system and wind tunnel .  

The yaw angle  

0 t o  t he  

A t  11, = 90' t h e  r o t o r  was i n  edgewise f l i g h t ;  t h e  

The PTR was a l s o  t e s t e d  with the  balance frame hydrau l i c  snubbers 
engaged, g iv ing  t h e  cantilever s t r u t  modes. This  test  w a s  conducted a t  11, = 0. 

F i n a l l y ,  t h e  PTR was t e s t e d  with a gimballed p ropro to r  nose case. The 
r o t o r  was replaced by dummy weights  a t t ached  t o  t h e  hub. The e x c i t i n g  f o r c e  
w a s  app l i ed  t o  t h e  s h a f t ,  j u s t  forward of t he  gimbal. Resu l t s  were obtained 
f o r  la teral  and v e r t i c a l  modes a t  11, = 0 only.  
t h i s  and t h e  previous conf igu ra t ion  was i n  t h e  s h a f t  bending modes. 

The major d i f f e r e n c e  between 

TEST PROCEDURE AND ANALYSIS 

The shake test  procedures and d a t a  r educ t ion  techniques are desc r ibed  i n  
d e t a i l  i n  r e fe rences  1 and 2. The app l i ed  f o r c e  and r e s u l t i n g  a c c e l e r a t i o n  
d a t a  were analyzed on-line t o  determine t h e  dynamic c h a r a c t e r i s t i c s  of t h e  
system, us ing  t h e  Dynamic Analysis System. 
analyzer and computer, u t i l i z i n g  Fast  Four i e r  Transform techniques and 
a s s o c i a t e d  software, and programs s p e c i f i c  t o  t h i s  shake test. 

The DAS is  b a s i c a l l y  a t i m e  series 

The fol lowing conf igu ra t ions  were t e s t e d :  
1) PTR a t  !) = 0 ;  l a te ra l  and l o n g i t u d i n a l  e x c i t a t i o n  ( t e s t  469) 
2) 

3) Can t i l eve r  modes ( t e s t  469) 
4) 

PTR a t  11, = 90'; la teral ,  l o n g i t u d i n a l ,  and v e r t i c a l  e x c i t a t i o n  
( t e s t  469) 

PTR a t  9 = 0 with gimballed r o t o r  nose case; l a t e r a l  and v c r t i c a l  
excitation ( t e s t  472) 

RESULTS 

The r e s u l t s  of t h e s e  tests are t h e  dynamic c h a r a c t e r i s t i c s  of t h e  
P r o p e l l e r  Test Rig, s p e c i f i c a l l y ,  t he  f r equenc ie s  and response amplitudes of 
t he  p r i n c i p a l  modes i d e n t i f i a b l e  i n  the  hub t r a n s f e r  func t ions .  Figures  1 
through 8 present t h e  t r a n s f e r  func t ions  f o r  t he  conf igu ra t ions  t e s t e d .  
The a b s c i s s a s  i n  t h e  f i g u r e s  are frequency, from 0 t o  10 and 50 Hz f o r  t he  
low and high frequency ranges,  r e s p e c t i v e l y .  The o r d i n a t e s  are the  magnitudts 
of t he  t r a n s f e r  func t ion  i n  g/1000 N. 
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Tab les  1 through 4 summarize the  dynamic c h a r a c t e r i s t i c s  of the PTR. 
The t ab le s  give the following q u a n t i t i e s  f o r  each of the modes iden t i f i ed  in 
the response a t  the point of exci ta t ion :  the  resonmt  frequency w (Hz); 
the magnitude of the response H (g/lOOO N and cm/1000 N ) ;  the  damping 
coef f ic ien t  Cs (N/m/sec); the  damping r a t i o  (percent c r i t i c a l  damping); and 
the modal mass M (kg). The t ab le s  of Appendix A present i n  d e t a i l  the shake 
test da t a  f o r  the  configurat ions invest igated.  

TABLE 1 .- SUMMARY OF DYNAMIC CHARACTERISTICS 
PTR a t  J, = 0 (test 469) 

Mode 

B a l ,  L a t .  
Yaw 
S t ru t  Side 
Module 
Module 
Module 

Bal. Long. 
S t  r a t  Long. 
Module 
Module 

12.3 

33.3 

Latera l  modes (E\ 

0.070 0.180 
0.125 0.097 
0.115 0.019 
0.145 0.012 
0.293 0.007 

Longitudinal modes 

0.016 0.190 
0.110 0.220 
0.013 0.001 

28.6 0.010 0.0003 

cS 

N/m/sec 

1 
2100 

13500 
20000 

34000 
20000 

29000 
30000 

I 

59000 
13600 
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TABLE 2.- SUMMARY OF DYNFIC CHARACTERISTiCS 
PTR at JI = 90 ( t e s t  469) 

w, 

HZ 
Mode 

H, H, cs 5 ,  M ,  

g/1000 N cm11000 N N/m/sec X critical kg 

Bal. Long. 
Yaw 
S t ru t  S ide  
Module 
Module 
Module 

~ 

Vert ica l  Modes 

1.29 0.045 0.640 6000 0.7 53300 
2.41 0.094 0.405 9000 1.9 15000 
5.55 0.131 0.107 13000 0.5 36000 

1 1 . 7  0.083 0.015 
15.9 0.160 0.015 
33.1 0.290 0.007 

Bal. Lat .  2.30 
S t ru t  Long. 3.90 
Module 16.8 
Module 28.8 

-4- 

0.059 0.272 20000 2.8 21200 
0.096 0.155 200n!! 2.1 19900 
0.009 0.001 
0.009 0.0003 

Balance 1.56 0.006 0.063 161000 4.4 
Balance 2.31 0.007 0.033 148000 1.6 
Balance 5.54 0.015 0.012 200000 1.0 
Balance 7.64 0.003 0.001 
Module 13.5 0.112 0.015 
Module 16.4 0.070 0.007 

187000 
31 3000 
278000 



TABLE 3.- SUMMARY OF DYNAMIC CHARACTERISTICS 
PTR Cantilever Modes (test 469) 

H, cs 5 ,  M, 

Strut Yaw 
Strut Side 

1.86 0.270 1.980 1160 0.4 15300 
5.16 0.071 0.067 28000 1.8 24200 

w, H, H, cS 5 ,  M, 
Hz g/lOOO N cm/1000 N N/m/sec % critical kg Mode 

Lateral modes (EW) 

Bal. Lat. 1.65 0.290 2.550 1300 0.9 8000 
Yaw 3.26 0.049 0.114 
Strut Side 4.90 0.880 0.918 3600 2.7 2200 
Mast 20.4 5.82 0.340 2250 3.3 280 

Vertical modes 

B a1 an ce 7.34 0.541 0.248 
Module 11.0 1.210 0.258 
Module 14.7 0.410 0.047 
Mast 24.0 3.98 0.170 3800 4.3 300 

~ 
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APPENDIX A 

P r o p e l l e r  Test Rig Shake Tes t  Data 

The t a b l e s  of t h i s  appendix present  t h e  d a t a  f o r  t h e  resonant f requencies  
of the  PTR t r a n s f e r  func t ions .  The fol lowing conf igu ra t ions  were tested: 

Table  Al: PTR a t  $ - 0 &test  469) 
Table A2: PTR a t  6 = 90 ( t e s t  469) 
Table A3: Can t i l eve r  modes of PTR ( t e s t  469) 
Table A4: PTR wi th  gimballed r o t o r  nose case ,  J, = 0 (test 472) 

The fol lowing q u a n t i t i e s  are given i n  t h e  t a b l e s :  t h e  resonant  frequency 
w (Hz); t h e  amplitude of t h e  response H (g/lOOO N and cm/1000 N); t h e  phase 
of t h e  response <H (deg);  t h e  damping c o e f f i c i e n t  C, (N/m/sec); t he  damping 
ra t io  c(percent  c r i t i ca l  damping); t h e  modal mass M (kg); and t h e  amplitude 
of t h e  e x c i t i n g  f o r c e  F at t h a t  frequency (n,  wi th  "D" i n d i c a t i n g  d i s c r e t e  
frequency e x c i t a t i o n ) .  

-6- 
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